Abstract.
Introduction.
The classical wave-maker theory of Havelock [3] to determine the velocity potential for two-dimensional time-harmonic wave motion in water of infinite depth in the absence of surface tension is well known. The wave-maker boundary, on which a simple-harmonic normal velocity distribution is prescribed, is vertical and extends throughout the depth of water, and the motion has the form of outgoing waves at infinite horizontal distance.
Herein we consider the motion produced in water of infinite depth and expanse when the wave-maker is only partially immersed with its lower end at a given finite depth below the free surface. The motion is antisymmetric, with outgoing waves at infinite horizontal distance in both directions. The motion due to one such wave-maker comprising a rigid vertical plate oscillating about a horizontal axis in itself was determined by Ursell [6] , who previously had also found the scattering effect on incoming waves by a partially immersed fixed vertical plane barrier-Ursell [5] . The method developed in Ursell [5] , [6] is extended herein. The velocity potential is given by the classical wave-maker theory of Havelock [3] if the unknown horizontal velocity on the line of antisymmetry below the wave-maker can be determined. This unknown satisfies a complicated integral equation that is solved by reduction to a singular integral equation for a related variable, upon which the required velocity potential can in fact be made to depend, to complete the solution most expediently.
The technique involves real variables and is suitable only for two-dimensional motion on infinite depth; it may be amenable to the inclusion of surface tension, but this effect is omitted herein. Complex-variable techniques that do not readily yield a velocity potential were employed by Haskind [2] , who effectively combined the two problems in Ursell [5] , [6] ; and by Lewin [4] , who made a formal investigation of incomplete vertical wave-maker problems in general.
The outgoing waves in our problem have been determined in another form by Evans [1] using the real-variable technique of exact Green's functions, provided in this case by the transmission solution of Ursell [5] .
Formulation
and reduction of problem. Two-dimensional time-harmonic wave motion of angular frequency a is set up in an ideal liquid of infinite depth and expanse by small prescribed normal oscillations of a vertical plane wave-maker that pierces the free surface and is partially immersed to a depth a. The motion is antisymmetric about the gap below the wave-maker, and is assumed to be small with outgoing surface waves at infinity. The effect of surface tension is excluded, and the motion is under the action of gravity g alone. In terms of rectangular coordinates x, y the velocity potential at time t has the steady-state form re[<f>{x, y)e~%at], where <j> is complex-valued and satisfies a boundary-value problem in the liquid region. It is sufficient to consider only the quarter-plane y > 0, x > 0 bounded by the free surface y = 0, wave-maker x = 0, 0 < y < a, and line of antisymmetry x = 0, y > a below it: then, if the horizontal velocity on the wave-maker into this region is Te[Uo(y)e~lat) and a flat-plate type infinite velocity singularity is allowed at the tip of the wave-maker, <f> satisfies the equation 
Solution of integral equation.
Nonhomogeneous singular integral equations of the above type were solved by Ursell [5] , [6] . The formal solution of (2. Hence, using these and cancelling a factor e~Ky, D' is given by
2 Jo so that the solution is complete. This is extremely complicated to apply theoretically, even in simple cases, but computational possibilities exist.
Note, using (4.3, 4.6), that A is given by fK [ixI\(Ka) + iKi(Ka)\A = -BIi(Ka) + / c(K -u)[K\(Ka)I0(ua) + I\(Ka)K0(ua)\ du Jo for the outgoing waves. A simple result to determine these (only) was obtained by Evans [1] , using the exact Green's function in the far field-viz. the transmission solution for a partially immersed fixed barrier in Ursell [5] . In our notation, this is Ri W = y -77T d0.
using a simple integral representation,
